We studied the precipitation of isolated lipoproteinswith hepann and MnCl2. Lipoproteinswere isolatedfrom human plasma by preparativeultracentnfugation and theirfree cholesterol was labeled. Each lipoprotein fraction was then precipitated at various pHs, with or without bovine serum albumin(60 gIL) present.Under no set of conditionswas one class of lipoproteinscompletely separated from the other two. Specifically, under standard conditionsfor precipitation of serum lipoproteins(pH 7.4 and protein60 g/L), 12% of the very-low-density lipoprotein (VLDL) and 8% of the lowdensity lipoprotein(LDL) remained in the supematant liquid, and 30% of the high-densitylipoprotein(HDL) was precipitated. These results indicatethat, under these conditions,socalledHDL cholesterolmay be a mixtureof VLDL, LOL, and HDL, althoughthe sum of the amountof thesethree fractions remaining in the supernate is fortuitouslyvery close to the value for HDL cholesterolisolatedby ultracentrifugation.
) and polyanion such as heparin have been used for selective precipitation of lipoproteins; however, these methods separate the lipoproteins incompletely (7) . Moreover, most of these precipitation methods were originally described to separate lipoproteins from whole plasma; in lipid-exchange experiments, however, isolated lipoproteins are used, and their precipitation characteristics depend on the medium in which the precipitation is carried out.
Here we report our studies of the separation of human lipoproteins previously isolated by ultracentrifugation at the appropriate density range, with use of heparin and (or)
Mud2 precipitations
at various pHs and various protein concentrations. Louis, MO 63178). We transferred 3-mL aliquots to centrifuge tubes containing MnC12, heparin, or both (final concentrations: heparin 0.8 g/L, MnC12 24 mmol/L).4 After leaving the tubes at room temperature for 10 to 15 mm, we centrifuged them at 2700 rpm for 1 h at 4#{176}C. We counted the radioactivity in the supernates by using toluene:Thton X-100 scintillation fluid. We performed each precipitation experiment at least three different times.
Materials and Methods

Isolation
Other procedures. We quantified free and esterifled cholesterol in whole serum and lipoprotein fractions with a commercial enzymatic method (Wako Pure Chemical Industries, Osaka, Japan) (13). Protein was measured by the method of Lowry et al. (14) .
Results
Precipitationof LOL
The amount of LDL precipitated by the action of divalent cations (Mn2) and (or) heparin varied with, the pH and protein concentration used. Without albumin present (Figure 1, left) , heparmn precipitated 80% of the LDL at pus <5; between 5.0 and 5.7, LDL precipitation decreased linearly; and at higher pHs, more than 95% of the LDL remained in the supernate.
On the other hand, MnCl2 at pHs >5.7 precipitated more than 98% of LDL. When both precipitat3Nonstandard abbreviations: VLDL, LDL, HDL, very-low-, low-, and high-density lipoproteins; d, relative (to water) density; BSA, bovine serum albumin.
4We tested a range of heparin and MnC12concentrations, up to twice those reported here, and found no difference in the precipitation patterns. HumanLDL (equivalent to 52.3tg of free cholesterol permilliliter), labeledonly in its free cholesterol moIety, was dissolved in 0.1 mol/Lphosphate butlerat differentpHs, then preapitatedwith hepaiin, MnCI2, or both.The radioactivity remaining in the supemate was then counted ing agents were used together, >90% was precipitated at all these pHs. With albumin (60 g/L) present in the media (Figure 1,  right) , we observed the following changes in the precipitation pattern: (a) only 30% as much LDL was precipitated by heparin alone at pHs <5.5; (b) precipitation by MnC12 was mostly unaffected, although at high pH, 10 to 12% of the lipoproteins remained in the supernate; and (c) when heparin and MnCl2 were used in combination, less LDL was precipitated at pHs <5.4 than was the case when albumin was omitted.
Precipitationof VLDL
Heparin alone failed to precipitate VLDL at all pHs ( Figure 2 ). In contrast, MnC12 precipitated VLDL at pH 5.5, and adding heparin changed this but slightly. Omitting albumin from the media did not change the patterns of VLDL precipitation (data not shown). Figure 3 (right) shows that, in the presence of albumin, heparin failed to precipitate HDL at any of the pHs studied. However, MnC12 alone or with heparin precipitated about half of the HDL at pH 6, slightly less at higher pHs. 
Precipitationof HDL
The absence of albumin during the precipitation did not modify the effect of heparin or of heparin + MnC12 (Figure 3,  left) . However, without protein present, MnC12 at pH 6 completely precipitated the HDL. And at pH 7.4, with or without BSA, only 70% of the HDL remained in the supernate after treatment with heparin + MnC12. Better to characterize this partial precipitation of HDL, we studied the precipitation of HDL2 and HDL3. As a control we used a mixture of HDL2 and HDL3 (1:4, on the basis of the mass of total cholesterol in these respective subfractions). To establish reliable lipoprotein separation, we studied the effects on precipitation of pH (in the range 4.7 and 8.4) and of protein concentration (with no protein present or with BSA at 60 g/L). These two variables are shown to affect the precipitation of lipoproteins, whether in whole plasma or in ultracentrifugally isolated classes. Heparin partly precipitated LDL at pHs <5 (Figure 1 ). This effect can be explained by assuming the formation of a heparin-LDL complex (22) (23) (24) , the solubiity of which is pH dependent, because at higher pHs LDL precipitation was markedly decreased.
Wieland and Seidel (25) obtained similar results when they precipitated LDL from serum at pH 4.11 in citrate buffer without divalent cations. LDL and VLDL precipitation at the indicated pHs had already been pH suggested by Burstein and Morfin (26) . However, our results differ in several aspects. First, under our conditions, VLDL is not precipitated by heparin in the pH range studied (Figure 2) . Second, LDL precipitation by heparin markedly bReconstituted from HDL2 and HDL3 in a 1:4 ratio (total cholesterol basis).
decreases in the presence of protein (Figure 1 ). Evidently it is impossible to separate LDL from whole plasma with hepann at acidic pHs unless the plasma is first diluted 10-fold as was done by Wieland and Seidel (25) . On the other hand, it has been suggested that heparin forms insoluble complexes with LDL at neutral pH, but only in the presence of divalent cations (5, 6), which would facilitate the formation of electrostatic unions between heparin and LDL phospholipids. However, our results (Figure 1) show that insoluble complexes are formed at any pH with heparmn and MnC12 and that at pH >6 MnC12 alone precipitates LDL, suggesting that the anionic groups of LDL interact electrostatically with Mn2t VLDL, like LDL, should form insoluble complexes with MnCI2 (5, 6), because they are partly precipitated between pH 5.6 and 6; this precipitation became complete if heparin is added (Figure 2) . Protein does not modify this behavior. However, our results, in contrast with those of Burstein and Morfln (27) , suggest that the interactions of VLDL and LDL with heparin are different, because the former is not precipitated by heparin, even at pH 5.
Most authors state that HDL in plasma or serum does not precipitate with heparin and MnC12 at standard concentrations (6, 17-19). Under our experimental conditions up to half of the HDL is precipitated at the same concentrations of reagents that are used to precipitate the other lipoproteins (Figure 3) . The precipitating agent is MnC12, because heparin alone fails to precipitate HDL. On the other hand, it is important to note that at pH 6 MnCl2 completely precipitates VLDL, LDL, and HDL. This capacity may allow the concurrent separation of all lipoproteins from serum. In conclusion, we could find no conditions under which VLDL and LDL are completely precipitated, with all the HDL remaining in the supernate. In fact, when isolated lipoproteins were treated under the standard conditions commonly used to precipitate VLDL and LDL (pH 7.4 and a protein concentration of 60 g/L), only 70% of HDL remained in the supernate, and 8-10% of LDL and 12-13% of VLDL were not precipitated. If lipoproteins in whole serum behave like isolated lipoproteins, the cholesterol found in the supernate would be a mixture of HDL, VLDL, and LDL. It must be stressed that, when the cholesterol concentration of each lipoprotein isolated by ultracentrifugation and the proportion of each lipoprotein that is unprecipitated are taken into account, the amount of cholesterol not precipitated (called HDL cholesterol) will fortuitously be equal to the amount of cholesterol present in HDL isolated by ultracentrifl.igation.
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